Objective -To evaluate the effects of losartan on ventricular remodeling and on survival after myocardial infarction in rats.
The alterations of ventricle architecture that may occur after acute myocardial infarction are known as ventricular remodeling 1 . Following the coronary occlusion, an acute ventricle dilation can be observed, characterized by thinning and distention of the infarcted region. This alteration is called an expansion of the infarction and is a result of the sliding of necrotic muscle groups, as a consequence of the disintegration of interfibrillar collagen. In the late phase, different degrees of cavitary dilation have been observed. This phenomenon is a result of the hypertrophy process involving both ventricles, and seems to occur as a response to an increase of parietal stress. In parallel, it has been shown that an abnormal accumulation of collagen (fibrosis) occurs in the viable regions of the myocardium, both in the ventricle with the infarction and in the right ventricle 1 . The process of ventricular remodeling is associated in general with a worse prognosis, because its presence is related to a greater incidence of aneurysms, cardiac rupture, fibrosis, functional worsening, arrhythmia, and a greater mortality 2 . Different classes of drugs have been used as a strategy for the prevention or attenuation of ventricular remodeling. Over the last few years, the use of angiotensin-II AT 1 -receptor blockers has been increasingly well accepted for cardiovascular diseases treatment. However, the effects of this new class of drugs on the adaptation process following infarct are not yet completely clear.
So, the objective of this study was to analyze the effects of losartan, a selective angiotensin-II AT 1 -receptor blocker, on the variables of ventricular remodeling after acute myocardial infarction.
Methods
We used 238 male Wistar rats, weighing 200-250g, obtained from the UNESP Campus Botucatu animal facility.
An acute myocardial infarction was produced according to a previously described method 3 that is already a standard procedure in our laboratory 4 . Brief ly, after etherinhaed anesthesia, a left thoracotomy was performed, between the 4 th and 5 th intercostal spaces. The heart was exte-riorized by lateral compression of the chest, and the left coronary artery ligated with a polyvinyl thread (5-0, Ethicon) at approximately 2mm from its origin, between the rim of the left atrium and the pulmonary artery out flow. Then the heart was quickly replaced in the chest cavity, the chest closed, and the animals were kept in cages for recovery. The rats were fed with commercial food and had free access to water. After 12 hours, corresponding to the period set by us for surgical recovery, the surviving animals (n=84) constituted 2 groups: group NT (n=51): formed by the animals with infarction who did not receive any medication; group LO (n=33) formed by the animals with infarction who received, starting 12 hours after surgery, losartan (20mg/kg/day) dissolved in drinking water, over a three-month period. Body weight and the mean volume of water intake by the animals were measured weekly to adjust the drug dilution in the drinking water and attain the desired dose.
After the division into groups, the animals were put under observation, and mortality in the two groups under study was recorded. After three months, the surviving animals (27 in group NT, 26 in group LO) were given intraperitoneal sodium pentobarbital (50mg/kg) and heparin (1000 IU) and ventilated with positive pressure and 100% oxygen. Afterwards, the chest was opened, the carotids ligated, and the aorta catheterized with a # 5 metal cannula, starting the retrograde myocardial perfusion with Krebs-Henseleit nutrient solution The following solution (in mmol/L) was used: 115 NaCl; 5. 5 . Hearts were then removed from the chest and placed in a device for the study of isolated hearts, size 3 type 830 (Hugo Sachs Electronic -Germany), with a constant perfusion pressure of 75mmHg. The nutrient solution was continuously oxygenated with a 95% O 2 and 5% CO 2 gas mixture, keeping the partial oxygen pressure between 500 and 600mmHg, temperature at 37º C, pH between 7.3 and 7.4. The left atrium was opened and the apex of the left ventricle punctured with a needle, to drain the ventricular cavity, preventing the accumulation of fluid inside it. A latex balloon tied to a PE 90 polyethylene tube was placed in the ventricle cavity. The other extremity of the polyethylene tube was connected to a three-way stop cock, one of which was coupled to a pressure transductor (Statham P23 XL) and the other one to a 1-mL syringe that allowed a variation in the volume of the intracavitary balloon. The right atrial musculature, comprising the sinoatrial nodule, was extirpated and the electrode of an artificial pacemaker placed in the right ventricle myocardium, to maintain artificially a heart rate between 240 and 250bpm.
By means of the preparation described above, Starling curves were obtained with fluid infusion into the balloon, which allowed variation of the diastolic pressure of the left ventricle from 0 to 30mmHg through gradual increments of 5mmHg, whereby the systolic pressure corresponding to each volume variation was recorded. In such preparations, in which the heart operates in isovolumetric contractions, systolic pressure is accepted as an indication of contractility. The maximal rate of rise of left ventricular pressure (+dp/ dt) and the maximal rate of decrease of left ventricular pressure (-dp/dt) were also recorded. These indexes were used respectively as parameters of the left ventricle systolic and diastolic function. The calibration factor of the left ventricle derivative was obtained according to the technique used by Moura Campos 6 . After the functional study, the hearts were removed from the perfusion device, dried with filter paper, and then dissected. The right and left ventricles (including the interventricular septum) were weighed and prepared for morphometric analysis. The heart weight, as adjusted to the rat's body weight ratio (VM/BM), was used for the estimate of the degree of ventricular hypertrophy. The ventricular volume corresponding to a diastolic pressure equal to zero was called V0 and reflected the ventricular volume when the preload was theoretically null. The rate between V0 and the left ventricle weight ratio (V0/LV, (mL/g) was used as a parameter of ventricular dilation.
The hearts were fixed in a 10% formaldehyde for marphometric study. Measurements were performed in section 5 to 6mm from the apex to the base because this section reflected the mean value of the section results of the whole ventricle 7, 8 . The myocardial tissue obtained was stained with hematoxylin-eosin (HE) and used for morphometric analysis, carried out by measuring the epicardial and endocardial lengths of the segments with and without infarction, using an image analyser software (SigmaScan (Jandel Scientific, California, USA). In this way, the percentage of the length of the infarction region with regard to the total length of the left ventricle was obtained.
The degree of myocardial fibrosis was quantified by hydroxyproline dosage in the right ventricle, according to the technique described by Switzer 9 . The remodeling process occurs in the whole heart, so that the volume overload, as well as hormone stimuli such as the activation of the renin-angiotensin-aldosterone and adrenergic systems, operates in a uniform manner in both ventricles. The presence of a large scar region, a result of the myocardial infarction, makes the hydroxyproline quantification of the left ventricle become an inadequate index for the measurement of myocardial remodeling, because fibrosis is diffuse all over the entire left ventricle. We therefore resorted to the measurement of hydroxyproline in the right ventricle as an index of interstitial fibrosis, in response to a local or systemic humoral stimulus secondary to acute myocardial infarction.
In the statistical study, we used survival analysis (Kaplan Meyer curve) for mortality; the differences between curves were analyzed by the Log-Rank test and by the COX regression model. For the systolic function (SP and +dp/dt) and (-dp/ dt) and cardiac hypertrophy (VM/BM) we used the Student's t test. For the diastolic function (-dp/dt), fibrosis (HOP), and ventricular dilation (V0/LV), we used the Mann-Whitney test. The level of significance used was 5%.
Results
Data on mortality are presented in figure 1 . Within the three-months observation period, mortality in the studied groups was 22% for the animals in group LO and 47% for the animals in group NT. The risk ratio between the two groups was 2.008 (p<0.05). Figure 2 shows the results of the functional study, using systolic pressure as a contractility indicator. We can see that systolic pressure in group LO was statistically greater than the pressures obtained in group NT (p<0.05). With regard to +dp/dt, we can see that the animals in group LO had a performance that was not statistically different from that of the animals in group NT ( fig. 3) . Similar results were observed with regard to -dp/dt (fig. 4) . Table I shows the morphometric results of the animals of groups LO and NT. Regarding the estimate of cardiac hypertrophy, we found a smaller VM/BM ratio in animals treated with losartan (3.54+0.48mg/g) as compared with that in untreated animals (4.14+0.76mg/g).
For the HOP concentrations showed no significant differences between.
The data on intensity of ventricular dilation showed that the animals in group LO had a lower V0/LV ratio than the animals in group NT.
Concerning infarct size, the animals treated with losartan had an infarct size (39.5+6.2%) that was not statistically different from that of the untreated animals (36.65+7.8%).
Discussion
The results of this investigation stressed the beneficial effect of losartan use on several variables of ventricular remodeling in rats, after myocardial infarction.
Limited information is available about angiotensin-II AT 1 -receptors' action on mortality, after experimental acute myocardial infarction. Thus, Richer-Giudicelli et al. 10 proved that irbesartan administration increased the survival of rats with myocardial infarction in a dose-dependent manner. Milavetz et al. 11 using the same model found that the administration of losartan had the same impact on mortality as captopril. Hu et al. 12 , on the other hand, found no evidence of a protective effect of losartan on the mortality of rats, after eight weeks of treatment following experimental infarction.
In our study, the result of losartan administration was an evident reduction in mortality. The risk ratio, which defines the probability of death between the study groups, showed that the probability of dying of an untreated animal was 100% greater than that of a treated animal.
The estimation of cardiac hypertrophy, by ventricular weight and body weight ratio is used in several experimental models. After coronary occlusion, an inflammatory process sets in on the infarction region, and afterwards a fibrous scar replaces this region. In the right ventricle and in the regions without infarction of the left ventricle, myocyte growth and collagen clumping occur. So the increase in ventricular mass does not reflect exclusively the hypertrophy process. Despite these limitations, the VM/BM rate is accepted in the literature as a parameter of cell growth in this model [13] [14] [15] [16] . In our study, losartan administration attenuated the degree of adaptive post myocardial infarction hypertrophy, as compared with no treatment. Other authors have identified a decrease in of the hypertrophy process after infarction, with angiotensin-II AT 1 -receptors, 14, 15 , results that support our findings. In our research, we cannot disregard the possibility of hypertrophy attenuation being also influenced by the decrease of the afterload in response to the hypotensive effect of losartan.
One of the main characteristics of ventricular remodeling after acute myocardial infarction is the presence of ventricular dilation. During the acute phase, this process is a result of infarct expansion whereas the late ventricular dilation of the left ventricle is a consequence eccentric type of ventricular hypertrophy.
Our results show that, as compared with the untreated animals, the treated animals had smaller ventricular volumes, as normalized for mass. This fact indicates that the treatment with losartan atenuates of the ventricular dilation after the ischemic insult.
With regard to the estimate of myocardial fibrosis, we used the concentration of HOP in the right ventricle a. Although it is an indirect method, HOP concentraton is accepted as a index of collagen quantity 17, 18 . Milanez et al. 19 , working with infarction in rats treated with captopril, observed that the hydroxyproline concentration in the right ventricle and in a noninfarcted region of the left ventricle showed a linear and positive correlation with the size of the infarct. In this model, the finding of infarcts affecting the whole free wall of the left ventricle is not rare. Thus, a risk exists that parts of the necrotic area will influence the dosages performed in the noninfarcted region. Therefore, in our study, we decided not to consider the left ventricle HOP dosages.
Despite all evidence that fibroblast activity is regulated by A-II and by aldosterone 20 , the capacity of the A-II AT 1 -receptors to interfere in the fibrosis process is still controversial. Some authors 21, 22 have found a decrease in tissue fibrosis with this class of drugs whereas others have found no evidence of treatment interfering with the intensity of fibrosis in different experimental models 15, 23 . In our study, we found no differences in HOP concentration between the two groups. So our results suggest that, in this model, losartan does not interfere with the amount of collagen.
As for the functional study, our data were not uniform. The rats treated with losartan had better performance compared with the untreated animals, when systolic pressure was considered as an index. No significant differences, however, occurred regarding +dp/dt and -dp/dt. Our data agree with previous studies, where the interference capacity of the A-II AT 1 -receptor blockers with the functional performance depended on the variable used 11, 24, 25 . All together, our results allow us to draw the following conclusions: 1) the use of losartan after acute myocardial infarction is accompanied by a change in ventricular remodeling, with an increase in survival, an attenuation of cardiac hypertrophy and of ventricular dilation. Treatment does not interfere with the amount of collagen measured in the right ventricle; 2) the capacity of losartan to interfere with ventricular function depends on the parameter used, with relevance only concerning the isovolumetric systolic pressure.
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+ dp/dt (mm Hg/s) Fig. 4 -Graphic representation, of the individual curves and of the means + standard deviations, of the rate between -dp/dt and the diastolic pressure of untreated and losartan (20mg/ kg/day)-treated rats with infarction.
Not Treated

Diastolic Pressure
Mean
